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(57) Abstract 

A method is provided for conduct- 
ing assays and separations of components 
of interest in the fluid samples which in- 
cludes the steps of providing a plurality 
of pipettes disposed in an array for the 
transfer of fluid samples and disposing a 
solid phase extraction medium in each of 
the pipettes. A collection tray (26) is pro- 
vided which includes a plurality of collec- 
tion compartement (28) disposed in an ar- 
ray (12) for receiving fluid samples. The 
pipette array (12) is disposed over the col- 
lection tray (26) and bidirectional transfer 
of fluid samples through the pipettes (14) 
and extraction medium into and out of 
the collection compartments (28) is per- 
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METHOD FOR CONDUCTING ASSAYS AND SEPARATIONS FOR 
COMPONENTS OF INTEREST IN FLUID SAMPLES 

The present invention is generally related to a method for conducting assays for 
components of interest in fluid samples. More particularly the present invention is 
directed to a method for the testing and/or analysis of fluid samples usually of a 
chemical, biochemical or biological nature. 

5 Fluid samples, for example, a solution, colloidal dispersion, or suspension 

may be separated into individual components through the use of extraction media. 

A typical device is set forth in U.S. Patent No. 5,264,184 describing devices 
for separating liquid samples into components which include a container and a 
separation layer abutting a bottom wall of the container with an outlet opening 
10 formed therein. A vacuum is utilized to pass fluids through the separation layer 
which are caught drop-by-drop in a collecting container. 

A plurality of such sample containers and collection containers may be 
arranged closely adjacent to one another so that a simultaneous separation of a 
plurality of liquid samples is made possible. The sample containers may be 
1 5 arranged, for example, side-by-side in a single row and interconnected, or they can 
be arranged in rows and columns in a two-dimensional matrix and interconnected 
with the columns being orthogonal to the rows. 

This arrangement and many other automated methods and instruments have 
been developed over the years to perform analysis of fluid samples. 

20 As hereinabove noted, because there is a need for analysis of a great number 

of small quantities of liquid, automated analytical instruments heretofore developed 
include a plurality of containers for holding fluid samples to be tested in containers 
for holding the desired reagents. 
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As set forth in U.S. Patent 5,417,923, a conventional assay technique is to 
locate the separation medium in an upstanding tubular chamber having an open top 
and a bottom outlet and to pipette or otherwise deposit the liquid under test into the 
chamber to flow through or over the extraction medium prior to emerging from the 
5 bottom outlet. U.S. Patent 5,417,923 teaches an assay tray assembly which includes 
a plastic molded test tray removably mounted in an overlying relationship in engage- 
ment with a plastic molded collection tray. The test tray has a spaced array of 
discrete identical chambers to accommodate a predetermined volume of liquid for 
analysis with each chamber being formed with a top opening and a bottom opening 
10 for flow of liquid or air through the separation media. 

The bottom opening is located in a downward projecting tubular spigot for 
the respective chamber and each chamber carries a separation medium to which the 
liquid is to be subjected. After passing through the assay tray assembly, the liquid 
passes into the individual chambers formed in the collection tray. 

15 Many assays require that the medium, or extraction complex, be subjected to 

one or more isolations, washings and treatments with liquid reagents. Accordingly, 
to facilitate these procedures, a solid phase extraction medium is used which results 
in the complexes formed also being in the solid phase. This facilitates the washing 
and treatment of the solid phase. 

20 As hereinabove noted, U.S. 5,417,923 teaches the use of the separate assay 

tray assembly along with a corresponding collection tray. The assay trays typically 
have a plurality of wells, for example, ninety-six (96), arranged in rows and columns 
into which the particulate solid phase is placed and treated sequentially with the 
liquid reagents and washes involved in the assay of interest. 

25 A great number of well configurations have been used and suggested as is 

noted in U.S. Patent 5,417,923. 
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Fluids are deposited in the assay tray by means of apparatus for handling a 
plurality of pipettes each aligned for depositing fluids in the assay tray. 

Naturally, because of the necessity to isolate each of the assays being per- 
formed in a 96-compartment assay tray with corresponding collection trays, exact and 
5 perfect alignment of these two components is absolutely required. It is also 
necessary to design the nesting components so that fluid cannot be transferred from 
one compartment to another in either the assay tray or the collection tray, nor can 
fluid be transferred from a compartment in an assay tray to a compartment in the 
collection tray, which is not intended to be aligned for fluid transfer. 

1 0 Thus, while the heretofore-described procedures for performing simultaneous 

multiple assays has been the standard for many years, the multiple components 
(namely the pipettes, assay trays and collection trays) can result in inaccurate assays 
due to contamination as hereinabove noted. 



Therefore, the object of the present invention is to eliminate the need for the 
1 5 assay tray in conducting multiple simultaneous assays. 

SUMMARY OF THE INVENTION 
An assay or liquid separation method in accordance with the present invention 
for components of interest in fluid samples generally includes the steps providing a 
plurality of pipettes disposed in an array for the transfer of fluid samples along with 
20 disposing a solid phase extraction medium in each of the pipettes. With regard to 
liquid evaporation, the method in accordance with the present invention also provides 
for preparing samples for subsequent analysis by separating liquid samples into their 
individual components. 



25 



A collection tray is provided having a plurality of collection compartments 
disposed in an array for receiving fluid samples. The method further includes a step 
of positioning the pipette array over the collection tray and directly transferring fluid 
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samples through the pipettes and extraction medium therein into the collection 
compartment. 

In this manner, the use of a test tray, hereinabove described in connection 
with the prior art, is totally eliminated. Consequently, the method in accordance with 
5 the present invention provides for a more efficient and economical assay. 

More particularly, and importantly, the method in accordance with the present 
invention may include the step of withdrawing fluid sample directly from the 
collection compartments and through the pipette and extraction medium therein. 
Thus, transferring fluids through the extraction medium may be effected by both 
10 passing fluid from the pipettes into the compartments and by passing fluid from the 
compartments into the pipette. Naturally, this bidirectional fluid sequence through 
the pipette and extraction medium may be iterated any number of times with various 
fluids to enable a great number of procedures to be conducted, if desired, during an 
assay or liquid separation preparation for a subsequent assay. 



15 In that regard, the method of the present invention may also include the step 

of providing a second collection tray having a plurality of collection compartments 
disposed in an array, each with a second fluid sample therein, and directly 
transferring the second fluid samples through the pipettes and extraction medium 
therein. The method in accordance with the present invention may further comprise 

20 a step of providing a second plurality of pipettes disposed in an array, disposing a 
solid phase extraction medium in each of the pipettes in the second array and directly 
transferring the second fluid samples through the pipettes in the second array and 
extraction medium therein. 



While the number of pipettes and compartments may not be equal in number, 
25 the method in accordance with the present invention also includes the step of 
providing a collection tray with an array of compartments of equal number to the 
number of pipettes in the pipette array. In this regard, the compartments and pipettes 
have identical arrays. 
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Alternatively, in accordance with the present invention, a method for 
performing an assay for components of interest in a fluid sample may include 
providing a plurality of pipettes disposed in an array for transfer of fluid samples and 
disposing a solid phase extraction medium in each of the pipettes. A collection tray 
5 is provided with a plurality of collection departments disposed in an array and a fluid 
sample disposed in each of the compartments. 

The method then includes positioning the pipette over the collection tray and 
directly transferring the fluid samples from the compartments into the pipettes 
through the extraction medium. This particular embodiment of the method of the 
10 present invention provides for initial movement of fluid samples from the compart- 
ments into the pipettes and through the extraction medium, as opposed to the initial 
transfer of fluid samples from the pipette through the extraction medium and into the 
compartments. 

Any combination of the hereinabove noted procedures also should be 
1 5 considered to be within the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The advantages and features of the present invention would be better 
understood by the following description when considered in conjunction with the 
accompanying drawings in which: 
20 Figure 1 shows a perspective view of an array of pipettes and a collection 

tray having a corresponding array of compartments therein; and 

Figure 2 is a cross-section of a portion of pipette suitable for use in the 
method of the present invention showing a solid phase extraction medium therein. 

DETAILED DESCRIPTION 
25 The technology of solid phase extraction is well-explained in the literature 

and has been the topic of numerous patents. Although specific terms are used to 
describe the invention, techniques that operate equivalently are included. The solid 
phase extraction experiment involves the selective sorption of components from a 
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mixture by, most commonly, passing the mixture through the extraction media. If 
desired, the sorbed analytes are removed from the extraction media by passing 
another solvent, having select different properties compared to the sample, through 
the extraction media. 

5 Turning now to Figure 1, there is shown an array 12 which includes a 

plurality of pipettes 14 held in the array 12 by a fixture (not shown) which also 
provides a means for forcing a fluid sample (not shown) out of tips 16 of the pipettes 
14 and through a solid phase extraction disc, or medium, 20 disposed within each 
pipette 14. (See also Figure 2.) Alternatively, fluid sample may be drawn through 
10 the tip 16 and the extraction medium 20 into a frusta conical tip 22 of the pipette 
with sufficient force to prevent dislodging thereof when fluid flow is from outside 
of the pipette 14 into a body 24 thereof. The extraction medium 20 is preferably 
press fit. 

It should be appreciated that any suitable fixture for holding the pipettes in 
15 an array and providing fluid samples thereto may be utilized. Alternatively, the fluid 
samples may be predisposed into the pipettes before assembly into the array 12, then 
supported by the fixture (not shown) which may provide air pressure for movement 
of fluid samples through the pipette in the directions hereinabove described. 

Also shown in Figure 1 is a collection tray 26 which includes a plurality of 
20 compartments 28 therein. Any number of pipettes 14 and compartments 28 may be 
provided, for example, ninety-six (96), disposed in an array of 8 x 12. The array 12 
includes the pipettes 14 disposed in a matching array with the compartments 28 of 
the collection tray 26. However, it should be appreciated that unequal numbers of 
pipettes 14 and compartments 28 may be utilized. 

25 In accordance with the present invention, the pipette array 12 is positioned 

over the collection tray 26 and fluid samples are passed through the pipettes and the 
extraction medium into the collection compartment 28. 
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In that regard, the pipette array 12 is lowered until proximate the collection 
tray 26 as indicated by the arrow 30 which also shows movement of the pipette array 
12 away from the collection tray 12 to facilitate handling of the collection tray which 
may be subsequently moved to another site for further analysis. 

5 In furtherance of such continued analysis, another pipette array (not shown) 

which may be identical to the pipette array 12 shown in Figure 1 may be used to 
further transfer fluids to and from the compartments and through solid extraction 
media disposed in the pipettes 14. 

In addition, a second collection tray (not shown), which may be identical to 
10 the collection tray 26 shown in Figure 1, may be utilized and positioned under the 
pipette array 12 for transfer of fluids from the pipettes 14 into the compartments 28 
or vice versa. 

In this manner, any combination of steps which may be necessary for a 
particular assay that includes the use of multiple fluids and multiple extraction media 
1 5 may be formed with the method in accordance with the present invention. 

It is contemplated that the method of the present invention would be suitable 
in the following assays: 

EXAMPLES 

Example 1 

20 This example illustrates the sorption of a colored dye component from a 

mixture to allow visualization of the technique. The use of such compounds helps 
those skilled in the art to understand the retention of specific analytes under defined 
conditions. 

Solid phase extraction (SPE) is a sample preparation technique that employs 
25 disposable devices to quickly extract desired analytes from a given sample. Several 
different types of surface interactions are available for the isolation, depending on 
the type of media used. SPEC® non-polar extraction media, such as CI 8, contain 



WO 98/26872 



PCT7US97/22654 



8 

silica particles bonded with hydrophobic groups. Typically, the extraction process 
begins with a conditioning sequence of methanol followed by an aqueous solution 
in order to prepare the SPEC® extraction media for use. Once the sample is added, 
the hydrophobic analyte of interest is retained via hydrophobic interactions with the 
5 sorbent. Next, an aqueous wash solution is passed through the SPEC® media to 
remove sample matrix interference. Finally, the analyte is eluted using an organic 
solvent, such as methanol. 

It should be appreciated that the procedural steps of conditioning, wash and 
elution solvent addition to the top of the SPEC® simulate using an automated 
10 dispensing pipettor. The same results would be obtained by drawing the solvents 
through the bottom of the SPEC® and reversing the flow to displace the solvent for 
the conditioning, wash and elution steps not using an automated dispensing pipettor. 

To visualize the SPE extraction process, a solution of green food coloring is 
separated into its components: FD&C Blue #1 and FD&C Yellow #5. The chemical 
1 5 structure of the blue component indicates more hydrophobicity and less functional 
group ionization, as compared to the chemical structure of the yellow component. 

A disc 20 of SPEC® CI 8 SPE extraction media was inserted and pressed into 
the disposable pipette tip 22 towards the bottom. The media was held in place by the 
press fit on the sides of the frusta conical chamber. One tenth (0.1) mL methanol 

20 was added to the disc through the opening at the top and pushed through the disc 
using the pipettor. Then 0.1 mL water was added to the disc in a similar fashion to 
displace excess methanol. A pipettor (not shown) was attached to the pipette 14 
containing the SPEC® disc 20 and the plunger depressed. The tip 22 was then 
inserted into a compartment 28 containing 0.5 mL of an aqueous solution containing 

25 dilute green food coloring (a mixture of the blue and yellow compounds described 
above). The plunger of the pipettor was slowly released, drawing the colored 
solution through the disc 20. Whilst the liquid was flowing through the disc 20, the 
blue component was sorbed on the surface of the disc 20, and the yellow solution 
was in the pipette tip 22 above the disc 20. The pipette tip 22 was then moved to 

30 a clean compartment and the pipettor plunger was depressed, expelling the liquid, 
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reversing the direction of sample flow through the disc 20. The blue compound 
remained adsorbed on the extraction disc 20 and the yellow component was in the 
compartment. To elute the blue component from the disc 20, the pipettor was 
removed from the pipette 14 containing the extraction media, disc 20, and 0.25 mL 
5 methanol was added to the pipette 14 above the disc 20. The pipettor was re- 
attached, and the tip 22 was placed into a clean compartment. Depressing the 
plunger on the pipettor caused the methanol to flow through the disc 20, eluting the 
blue component into the compartment. 

Example 2 

10 This example shows an application extracting morphine and codeine from an 

authentic urine specimen using the SPEC® pipette tip extraction device format. 

Urine specimens were spiked with morphine and codeine at three different 
levels; negative, the SAMHSA cutoff level of 300 ng/mL, and a higher concentration 
of 750 ng/mL. The experiments were run in triplicate for specimens containing the 

15 analytes. The quantitation was based on a relative recovery experiment with the 
deuterated internal standards added to the urine specimen. 

The method used was a modification of the published SPEC® extraction 
procedure for the extraction of morphine and codeine from urine specimens. The 
samples consisted of 0.5 mL spiked urine, internal standards, and a bicarbonate 
20 buffer so that the final volume was 0.75 mL, The pipette tips were constructed in 
a similar fashion to the device outlined in Example 1, except using the SPEC® MP1 
(mixed phase 1) extraction media instead of the CI 8 media. The MP1 extraction 
media contains both hydrophobic and cation exchange moieties. 

The procedural steps for processing the specimens follow. The columns were 
25 conditioned with 0.1 mL methanol. The excess solvent was pushed through the 
extraction media using the pipettor. With the plunger depressed, the pipette tip 
containing the conditioned media was lowered into a test tube containing the urine 
sample. The plunger was released drawing the urine through the extraction media 
in the pipette tip. After all the urine flowed through the disc, the plunger was 



WO 98/26872 



PCT/US97/22654 



10 

depressed pushing the urine back through the disc into the original test tube. A wash 
step for the disc inside the pipette tip consisted of the sequential addition of 0.25 mL 
water, 0. 1 M acetic acid, and methanol, ensuring displacement of each solvent before 
the addition of the next solvent. The analytes of interest were eluted from the disc 
5 by the addition of 0.25 mL mixture of ethyl acetate, methanol, and ammonium 
hydroxide and collecting the solvent into a clean vial. The elution step was repeated 
one time. The collected solvent was processed in the appropriate manner, including 
a derivatization step and the final extracts were analyzed using gas chromatography 
mass spectrometry (GC/MS). 

10 The quantitative results are given in Table I. The data in Table I demonstrate 

that the pipette tip SPE device and method employing the device performed 
according to the present invention. In all cases, the expected results were obtained 
for the morphine and codeine levels spiked. 



TABLE I 



ANALYTE 


SPIKED LEVEL 
(ng/mL) 


DETERMINED LEVEL 
(ng/mL) 


morphine 


negative 
300 
750 


none detected 
306 
733 




codeine 


negative 
300 
750 


none detected 
312 
758 



Although there has been hereinabove described a particular assay and 
separation method for components of interest in fluid samples in accordance with the 
20 present invention, for the purpose of illustrating the manner in which the invention 
may be used to advantage, it should be appreciated that the invention is not limited 
thereto. Accordingly, any and all modifications, variations, or equivalent 
arrangements which may occur to those skilled in the art, should be considered to be 
within the scope of the present invention as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. An assay method for components of interest in fluid samples, the 
method comprising the steps of: 

providing a plurality of pipettes disposed in an array for the transfer 
of fluid samples; 

5 disposing a solid phase extraction medium in each of the pipettes; 

providing a collection tray having a plurality of collection 
compartments disposed in an array for receiving fluid samples; 

positioning the pipette array over the collection tray; and 
directly transferring the fluid samples through the pipettes and 
10 extraction medium into the collection compartments. 

2. The method according to claim 1 further comprising the step of 
withdrawing fluid samples directly from the collection compartments and through the 
pipette and extraction medium therein. 

3. The method according to claim 1 further comprising the steps of 
providing a second collection tray having a plurality of collection compartments 
disposed in an array, each with a second fluid therein and directly transferring the 
second fluid from the second tray collection compartment through the extraction 

5 medium and into said pipettes. 

4. The method according to claim 3 further comprising the step of 
providing a second plurality of pipettes disposed in an array disposing a solid phase 
extraction medium in each of the pipettes in the second array and directly 
transferring the second fluid samples through the pipettes in the second array and 

5 extraction medium therein. 

5. The method according to claim 1 wherein the step of providing a 
plurality of pipettes and the step of providing a collection tray with an array of 
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compartments each include providing an identical array for the pipettes and 
compartments. 

6. The method according to claim 1 wherein the step of providing a 
plurality of pipettes and the step of providing a collection tray with an array of a 
plurality of compartments each include providing an equal number of pipettes and 
compartments. 

7. The method according to claim 7 wherein the step of positioning the 
pipette array over the collection tray includes positioning each pipette over a 
corresponding component in the collection tray. 

8. An assay method for components of interest in fluid samples, the 
method comprising the steps of: 

providing a plurality of pipettes disposed in an array for the transfer 
of fluid samples; 

5 disposing a solid phase extraction medium in each of the pipettes; 

providing a collection tray having a plurality of collection 
compartments disposed in an array; 

disposing a fluid sample in each of the compartments; 
positioning the pipette array over the collection tray; and 
10 directly transferring the fluid samples from the compartments into the 

pipettes through the extraction medium. 

9. The method according to claim 8 further comprising the step of 
directly transferring the fluid samples through the pipettes and extraction medium 
into the collection compartment. 

10. The method according to claim 1 further comprising the step of pro- 

viding a second collection tray having a plurality of collection compartments 
disposed in an array, each with a second fluid therein and directly transferring the 
second fluids through the pipettes and extraction medium. 
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11. A method for separating components of interest in fluid samples, the 

method comprising the steps of: 

providing a plurality of pipettes disposed in an array for the transfer 
of fluid samples; 

5 disposing a solid phase extraction medium in each of the pipettes; 

bidirectionally passing a fluid sample and a solvent through the 
pipettes and solid phase extraction medium to form sorbed analytes in the solid phase 
extraction medium and to subsequently remove the sorbed analytes from the solid 
phase extraction mediums. 
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